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Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. [2] . During 2006, the theoretical and modeling background using (Artificial Potential Functions) APF, has been developed further and is the subject of the book chapter [3] . Also, the subject of a major presentation and paper given at the Maneuvering and Control of Marine Craft conference in Lisbon, September 2006 gave further details with the complete development from APF Guidance to the details of Blazed Array image analysis and control for the ARIES vehicle, [4] .
APF Guidance Theory
Given a total Global Potential Field, V(X,Y,Z,α)>0, composed of track following potentials and obstacle avoidance potentials, with parameters, α, set according to vehicle motion constraints of curvature, the vehicle desired path in a global Navigational Frame, X,Y,Z, evolves according to
In developing potential functions for path tracking and obstacle avoidance, it is assumed that functions will be used such that there is a unique local minimum in the region of interest, and that the gradient, 0 ≠ ∇V anywhere.
The path generation model is The path is generated as the evolution of [X(t), Y(t), Z(t)] subject to initial conditions taken from the vehicle's current position at t = t 0 .
Decoupling the path generation into horizontal and vertical planes, we get Horizontal Path Generation:
Leading to a solution for the heading command. Using,
Vertical Plane
Considering the vertical plane separately, the solution for the path pitch angle becomes,
Potential Function Selection
A UUV mission will be defined in terms of a series of waypoints with nominally straight line segments, and conditions for transition from one to the next. To follow a track defined by 2 waypoints, i+1 and i, we define a track heading, 
where s is the along track distance, the cross track error is, e, and z, the vertical deviation from the nominal altitude /depth command. The track following gradients of potentials are incorporated into the total Global Potential Field gradient by the 3*3 rotation matrix,
These potentials alone will drive the vehicle through a set of way points provided suitable logic is included for track termination (see Healey, 2006 
Path Following
Path Following responses of the REMUS vehicle are simulated and described more fully in [1] .
Blazed Array FLS, Object Detection
The Blazed Array Forward looking Sonar FLS can be configured either in the horizontal or vertical planes. In the vertical plane, it is suitable for detecting sudden rises in sea bottoms that would otherwise cause the vehicle to ground while performing mine hinting missions close to the seabed.
The obstacle detection part is a critical part of the control system and first begins with image gathering and analysis. Image returns from a submerged pipeline are shown below.
The large strong returns above, indicate that at 40 meters out, a 6 meter high object lies in front of the vehicle and an avoidance maneuver is required. The vehicle smooth avoidance response is clearly shown in Figure 5 below. Hardware And Software Architecture A principle feature of the ARIES AUV is its flexibility for housing new hardware and software for testing new methodologies in underwater robotics. There are three components of the Blazed Array sonar: The arrays, the electronics and a PC-104 computer for image storage and processing. The original bow design was modified to mount the arrays. To maintain hydrodynamic efficiency, flexible polyurethane nose was constructed to house the arrays. This minimizes signal attenuation and provides a degree of protection. The construction of the nose permits the arrays to be oriented either in the horizontal or vertical position.
Submerged
Pipe on Berm
The power and control signals are passed through a water tight bulkhead and attached to the electronics. From there, images are saved and processed using a Windows based PC-104 computer. 
System Description for Perception and Avoidance Control
TRANSITIONS
Capability being transitioned into the REMUS vehicle.
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